Enterohemorrhagic Escherichia coli (EHEC), a worldwide emerging pathogen responsible for sporadic cases of disease as well as serious outbreaks (18; K. G. Liddell, Letter, Lancet 349: 502-503, 1997), is producing one or more Shiga toxins (Stxs). These toxins are subdivided into two major classes, Stx1 and Stx2. Stx2e is an Stx2 variant that is produced mainly by E. coli isolates associated with edema disease in pigs (10) , although strains expressing it may also cause hemolytic-uremic syndrome (HUS) in humans (4) . EHEC is endemic in cattle and other domestic animals, thereby rendering food, mostly undercooked beef and unpasteurized milk, the main route of infection (2) . However, transmission of EHEC from person to person is also possible (11, 13) . Effective prevention of the disease is therefore crucially dependent on rapid detection of the causative pathogen. Due to various strain differences, reliable identification of EHEC by culture methods is almost impossible (14) . In recent years numerous PCR protocols have been developed that target stx 1 and stx 2 genes and genes of other EHEC pathogenicity factors (1, 3, 8) . One to 10 organisms can be detected per assay (12) . Recent developments in PCR technology now allow rapid cycling combined with fluorescencebased identification and verification of PCR products. We are presenting here the first protocol for detection of EHEC on a LightCycler instrument (17) . In a multiplex assay, stx 1 and stx 2 genes are identified in a single reaction capillary. Melting curve analysis allows discrimination between stx 2 and stx 2e , the gene encoding the pig edema disease toxin. This protocol was validated with 48 pretested Stx-producing E. coli (STEC) isolates from diagnostic samples and 37 negative controls.
Online PCR monitoring with the LightCycler. The LightCycler system (Roche Molecular Biochemicals, Mannheim, Germany) offers two different fluorescence formats. SYBR Green I is a dye that binds unspecifically to double-stranded DNA (16) and hybridization probes, which allows sequencespecific detection by using fluorescence energy transfer (FRET) between two fluorophores (9) . Fluorescence is measured in three different channels: F1 (530 nm) for SYBR Green I, F2 (640 nm) for LightCycler Red 640, and F3 (710 nm) for LightCycler Red 705. To obtain a melting curve the samples are denatured at 95°C, cooled to about 50°C, and then slowly heated at a temperature transition rate of 0.2°C/s, while fluorescence is monitored continuously. For improved visualization of melting temperatures, melting peaks are derived from the data obtained during this melting curve routine by plotting the negative derivative of fluorescence over temperature versus temperature [Ϫd(F)/dT versus T].
Bacterial strains and DNA extraction. We studied 37 Stxnegative strains (Table 1 ) and 48 STEC strains isolated from human stools and beef samples ( Table 2) . The latter had been tested for the presence of stx 1 and stx 2 gene sequences by conventional PCR and gel analysis. The Stx double producer E. coli EDL 933 was the reference strain for optimization of the PCR protocol. One microgram of total DNA from EHEC EDL 933 was calculated to be the genomic equivalent of about 2 ϫ 10 8 of these organisms, based on a genome size of approximately 4.5 Mb for E. coli. Bacterial DNA was extracted from overnight cultures with a DNA mini kit (Qiagen, Hilden, Germany).
PCR primers and probes. Primers (MWG-Biotech, Ebersberg, Germany) and probes (TIB MOLBIOL, Berlin, Germany) (Table 3) were designed by using the alignments of 27 previously published stx 1 and stx 2 sequences (Table 3) . FRET hybridization probes for detection of stxA 1 and stxA 2 were marked with LightCycler Red 705 and LightCycler Red 640 as acceptor dyes, respectively. The stxA 1 -specific probes matched 100% to all sequences aligned, while the stxA 2 -specific probes had two mismatches with all stx 2e sequences.
PCR. The amplification program included an initial denaturation step at 95°C for 120 s and 45 cycles of denaturation at 95°C for 1 s, annealing at 55°C for 5 s (reached with a touchdown from 60°C over the course of the first five cycles), and extension at 72°C for 20 s. The temperature transition rate was 20°C/s. A melting curve analysis was performed after the last amplification cycle. Additionally, all amplification products were visualized by conventional gel electrophoresis. The 20-l sample volume in a glass capillary contained the following: for all single PCR experiments, 2 l of 10ϫ LightCycler DNA Master SYBR Green I (Roche Molecular Biochemicals), 10 pM each primer, 4 mM MgCl 2 , and 10 l of DNA; for all multiplex experiments, 2 l of 10ϫ LightCycler DNA Master for hybridization probes (Roche Molecular Biochemicals), con- centrations of primers and MgCl 2 identical to those described above, 3 pM each hybridization probe, and 8 l of DNA.
PCR optimization and sensitivity. The PCR protocol was optimized in two steps. First, the stxA 1 -and stxA 2 -specific primer pairs were both evaluated with single PCRs in SYBR Green I format. At an MgCl 2 concentration of 4 mM we were able to detect a single copy of either stx gene of EHEC EDL 933, which corresponds to a sensitivity of one organism per sample. In the second step we used both sets of primers together with the stxA 1 -and stxA 2 -specific hybridization probes in a multiplex assay. Without changing the MgCl 2 concentration we could still maintain a sensitivity of one organism per sample, as shown by a 10-fold dilution series from 1,000 to 1 genome equivalents of our reference strain (Fig. 1) . With the hybridization probes, the PCR products were found to reproducibly yield melting peaks at 72°C for both stxA 1 and stxA 2 (Fig. 1) . In the multiplex application, none of the 37 Stxnegative strains tested positive, while PCR data obtained for all STEC isolates with known genotypes (Table 2) corresponded without exception to the results from the pretesting.
Discrimination between stx 2/2v and stx 2e alleles. The PCR products of three EHEC isolates, isolates ED 42, ED 43, and ED 68 (Table 2) , harboring the gene of the pig edema disease toxin (4), yielded melting peaks at only 62.5°C in the second channel (Fig. 2) , where the stx 2 -specific fluorescence signal is recorded. This temperature downshift resulted from the mispriming of the stxA 2 -specific hybridization probes upon binding to stx 2e target sequences as described above. The lowered melting points could easily be distinguished from the stx 2/2v peaks at 72°C in the same channel (Fig. 2) , making the stx 2e genes clearly identifiable in this assay without further sequencing.
Our LightCycler-based multiplex PCR assay for detection of STEC delivers results quickly and makes it easy to repeat experiments that have failed. That is what will make this LightCycler application especially attractive for areas of work with a large number of samples, such as stool diagnostics in clinical microbiology or food safety surveillance. Furthermore, the protocol that we developed not only can detect stx 2e but also can discriminate it from stx 2/2v alleles by means of a melting curve analysis, a feature potentially interesting for epidemiology.
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